feeding before 12 months postpartum in an Ontario Public Health Unit setting. The secondary purpose was to investigate whether other maternal characteristics were associated with breastfeeding duration up to 12 months.
METHODS
Data from the York Region Infant Feeding Survey (IFS) were used in the analysis. The IFS was a prospective cohort study that determined the rates of breastfeeding initiation, duration, exclusivity and other feeding practices adopted in a child's first year of life. All mothers residing in York Region who delivered between January and April 2010 and had consented to be contacted by the Public Health Unit prior to hospital discharge (representing 89% of births) were sent an information letter about the study and were added to a weekly list. Mothers were recruited when their baby was one to three weeks old through our contacting every second mother on the list to obtain study consent. Eligible mothers were those who had a telephone number, were living with their baby and spoke English. Mothers of singleton (n=336) and multiple births (n=9) were included in the study, but mothers of multiple births were asked to comment on their first-born child. Mothers were surveyed at 6 weeks, 6 months and 12 months postpartum. Intention to supplement was self-reported and was obtained six to eight weeks postpartum. York Region's Internal Research Review Committee approved the IFS, confirming that the consent process outlined was informative and non-coercive, that the possible risks and harms from the study to participants were minimal, and that anonymity and confidentiality were maintained.
Only mothers who initiated breastfeeding, based on self-report at six to eight weeks postpartum, were included in the analysis. This included 345 (96%) of the 360 mothers who were not interval censored or had missing data who participated in the IFS (Figure 1 ). Breastfeeding was defined as feeding breastmilk by breast or by bottle. Mothers could be breastfeeding in combination with infant formula (i.e., not exclusively breastfeeding). Mothers were considered to have initiated breastfeeding if they had ever put their baby to the breast or given breastmilk within the first week of giving birth to their child.
Seven maternal factors that may be associated with breastfeeding duration were specified a priori based on a literature review. These included mother's age at time of baby's birth, [5] [6] [7] 11 prenatal education, 7 immigration status, 7-9 parity, 5, 9, 19 household income, 7-9 ethnicity 20 and education. [5] [6] [7] [8] 11 While progress towards Baby-Friendly Initiative (BFI) designation of the delivery hospital 21 may also be associated with breastfeeding duration, none of the delivery hospitals in York Region were BFI-designated. The main exposure of interest was intention prior to birth to supplement with infant formula. The outcome took into account breastfeeding status (yes/no) and duration of breastfeeding (self-reported and converted into months), which data were obtained with each successive survey. Descriptive analyses were completed for all variables.
Missing values were imputed using linear and logistic regression respectively for maternal age (2.4%) and household income (9.7%). This was done to maintain an adequate number of events to support our model. Level of education and parity were used to impute maternal age, while education 22 and immigration status 23 were used to impute household income. According to Statistics Canada, the increase in delayed childbearing is largely related to societal changes which see women staying in school longer, entering the labour force later and delaying having their first child. 24 Summary statistics for maternal age and household income were also completed after imputation to assess the impact on the distribution.
A Kaplan-Meier curve based on crude rates was graphed to illustrate the proportion of mothers breastfeeding at each time point from birth up to 12 months of age. Separate curves were estimated for mothers who intended to supplement and those who did not. A chi-square test was conducted to determine whether the exposure groups were significantly different in terms of their breastfeeding rate. Cox proportional hazard regression was used to assess the relationship between covariates and the "hazard", which is the risk of ceasing breastfeeding up to 12 months postpartum. This type of analysis also handles censored data which refers to when a mother was either lost to follow-up before being able to determine when she had stopped breastfeeding or if a mother was still breastfeeding at the end of the study. To determine the accuracy of the imputed proxy data, the regression analysis was rerun excluding the proxy data to observe any change in relationship between the exposure and outcome variable. A Likelihood Ratio Test observed whether intention to supplement was associated with the outcome after adjusting for all covariates.
The Cox proportional hazards model assumes that the hazard ratio does not vary over time. Scaled Schoenfeld residuals were plot- Study flow diagram
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Lost to follow-up at 12 months n=47 ted to test this assumption. All tests were completed at the .05 significance level, using R version 2.13.1 software.
RESULTS
Baseline characteristics of the study population by prenatal intention to supplement with infant formula are presented in Table 1 .
The mean age of mothers who intended to supplement and those who did not were comparable, 33 years (SD 4.65) and 32.7 years (SD 4.48), respectively. Overall, mothers were well educated, affluent and ethnically diverse. In general, mothers who were contacted at six weeks and had initiated breastfeeding were not dissimilar to the York Region population from the 2006 Census. We were not able to compare the study population to mothers in the Region due to lack of information. Approximately 51% of York Region's population were affluent (household income ≥$80,000) compared to 55% in our sample and 57% were born in Canada compared to 59%, respectively. Nearly one third of mothers intended to supplement with infant formula. Sixty-nine percent of mothers who intended to supplement did go on to supplement their baby in the 12 months postpartum. Mothers who intended to supplement had higher household incomes than mothers who did not intend to supplement, 70% (95% CI 60. Figure 2 includes the Kaplan-Meier survivor function plotted by exposure group (mother's intention to supplement). Mothers who intended to supplement experienced a higher risk of premature weaning (shorter breastfeeding duration) between two to four months as evidenced by the drop in the curve. At four months, 84.6% (95% CI 79.9-89.5) of mothers who did not intend to supplement were still breastfeeding compared to 62.9% (95% CI 52.6-75.3) of mothers who did intend to supplement. At approximately eight months, both groups experienced comparable risk until the end of the study period. By 12 months, only 18.2% (95% CI 10.5-31.6) of mothers who intended to supplement were still breastfeeding compared to 44.1% (95% CI 37.3-52.0) of mothers who did not intend to supplement. A chi-square test was conducted and mothers who intended to supplement were significantly different than those who did not with a chi-square statistic of 23 (p<0.0001). The difference among the two groups may be attributed to the Cox proportional hazard estimate.
The power of the Cox proportional hazard model is more dependent on the number of events (i.e., mothers who ceased breastfeeding by 12 months) than the number of study participants. 25 Simulation work by Peduzzi et al. 25 recommended a minimum requirement of 10 "events" per covariate to support the model, which was satisfied in this study. At six weeks, 21.7% of mothers were censored (lost to follow-up when contacted at six months) and by six months 8.4% were censored.
Results of the Cox proportional hazard regression analyses are presented in Table 2 . Intention to supplement and parity were positive predictors of breastfeeding duration. Mothers who intended to supplement were 2.6 times (HR=2.64, 95% CI 1.83-3.81) more likely to wean prior to 12 months postpartum compared to mothers who did not intend to supplement, adjusting for all of the following covariates: parity, education, household income, age, prenatal education, immigration status and ethnicity. First-time mothers were 2.1 times (95% CI 1.39-3.27) more likely to cease breastfeeding in their child's first year compared to experienced mothers, adjusting for all covariates. Ethnicity as a whole was not found to be a predictor of breastfeeding duration, but differences were seen between subgroups of mothers self-identifying as European and those identifying as East, Southeast or South Asian (referent group). European mothers experienced 79% greater risk of ceasing breastfeeding than mothers who identified as East, Southeast or South Asian (95% CI 1.05-3.06).
In order to assess the potential impact of imputing the missing observations, the same Cox proportional hazard model was analyzed without the imputed observations (n=304). Similarly to our imputed model, intention to supplement (HR 2.85, 95% CI 1.93-4.19) and parity (HR 2.45, 95% CI 1.55-3.88) were found to be significant predictors. Although we were able to find an increased risk of shorter breastfeeding duration among European mothers com- pared to East, Southeast or South Asian mothers, it was not significant (HR 1.41, 95% CI 0.81-2.46). A Likelihood Ratio Test determined that intention to supplement was negatively associated with the duration of breastfeeding after adjusting for all covariates in the model (chi-square = 2.52, p<0.0001). The scaled Schoenfeld residuals for all covariates were plotted and displayed slopes that were close to zero; satisfying the proportional hazards assumption.
DISCUSSION
Promoting breastfeeding initiation has been very successful in York Region, with an initiation rate of 96.4%, but our results identify that there is also a case to be made to focus on helping mothers sustain longer breastfeeding duration. In order to help mothers meet infant feeding targets as set out by the Nutrition for Healthy Term Infants report, it is important to identify mothers who are at risk of shorter breastfeeding duration. 1 We found that mothers who intended to supplement their child with infant formula were 2.6 times more likely to experience shorter breastfeeding duration compared to mothers who did not intend to supplement their child (HR=2.64; 95% CI 1.83-3.81). These results were consistent with our hypothesis. It is important to understand what determines intention in order to be able to address these underlying factors. The Theory of Reasoned Action states that intention is determined by three constructs: attitude toward the specific behaviour, subjective norms and perceived behavioural control. 16 Further research is required to understand these maternal attitudes in relation to intention to supplement.
First-time mothers were 2.1 times more likely to experience shorter breastfeeding duration compared to experienced mothers (HR=2.13; 95% CI 1.39-3.27). One explanation could be that firsttime mothers do not anticipate the challenges with breastfeeding compared to experienced mothers. Some studies have reported a longer duration of breastfeeding with increased parity, 8, 19, 20 while others have failed to find any significant association. 26 There is also evidence that a mother's previous breastfeeding experience is a stronger predictor of breastfeeding duration compared to parity, assuming that it was a positive experience. 19, 27, 28 In particular, 25% of mothers in the IFS stated that they stopped breastfeeding by six months because they were concerned about not having enough breastmilk; of these, 83% were first-time mothers. Mothers who identified themselves as European experienced 79% greater risk of shorter breastfeeding duration compared to mothers who identified as East, Southeast or South Asian (95% CI 1.05-3.06). This is consistent with WHO findings that 43% of South-East Asians were exclusively breastfeeding for at least the first six months postpartum between 2000 and 2008 compared to only 18% of Europeans. 29 These results should be interpreted with caution as we were not able to observe these same findings when we removed the imputed observations.
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Although maternal age, education, household income, immigration status and prenatal class attendance have been found to be associated with breastfeeding duration in previous studies, this study did not observe a significant association. The lack of variability among mothers in York Region may have been why this study failed to observe an association with household income and maternal education. Further, while the general prenatal classes offered by York Region include breastfeeding education, the primary focus of these classes is not breastfeeding, therefore, attendance may not affect breastfeeding duration.
Strengths
One of the main strengths of this study was using the Kaplan-Meier and Cox proportional hazard regression for the analysis. These two methods allowed mothers who did not complete all three questionnaires to still contribute to the model and resulted in a more powerful analysis compared to logistic regression.
Limitations
There are a number of limitations that should be considered in this study. The IFS was designed to determine the rates of breastfeeding and feeding practices, not for the specific purposes of addressing the outlined research question; therefore, we were not able to control for a number of potential confounders in our analyses. These included marital status, baby birth weight, method of delivery, time until mother returns to work and psychosocial constructs for maternal attitude and subjective norms (i.e., maternal confidence in breastfeeding, maternal optimism regarding breastfeeding, maternal self-efficacy in breastfeeding, breastfeeding role models and support to breastfeed). 16 These modifiable psychosocial factors have been found to be more predictive of breastfeeding duration than socio-demographic factors. 18, 30 Maternal intention to supplement was determined six to eight weeks postpartum, after mothers in the study had already initiated breastfeeding. If there was a bias in recall among our outcome groups, then the results will be biased away from the null, resulting in a significant association. Future studies should attempt to capture intention to supplement prenatally.
Although imputation of household income and maternal age explained 16.9% and 17.2% of the variance in our models, respectively, the variables were still used in the model to maintain the number of events to support our model. Our small sample size may have prevented us from observing significant associations among covariates which have otherwise been proven to be predictors of early weaning, as previously mentioned. There was a high refusal rate for the survey (see Figure 1) , which was not unexpected for new mothers; however, the study population was comparable to the general York Region population when compared to sociodemographic indicators from the 2006 Census.
Future implications
As York Region moves towards becoming BFI-designated, one of the responsibilities will be to encourage and support women to continue breastfeeding their children up to two years and beyond. Recognizing and understanding the maternal factors that may contribute to shorter breastfeeding duration will help public health and other health care providers identify mothers at risk of early weaning. Assessing feeding intentions and self-efficacy prenatally might help to identify mothers who are at higher risk for premature weaning as well as provide opportunities for education and facilitate access to prenatal and postnatal supports, including International Board Certified Lactation Consultants and breastfeeding clinics. The content and format of the existing prenatal classes, which are currently primarily attended by first-time mothers, could be revised to impact supplementation intentions by providing more families with the knowledge, skills and attitude to breastfeed exclusively. It is hoped this would result in an increased rate of exclusive breastfeeding to six months, as well as an increased percentage of mothers continuing to breastfeed to two years or longer.
CONCLUSION
This study found evidence to support an association between prenatal intention to supplement with infant formula and the risk of discontinued breastfeeding for the period up to 12 months postpartum among mothers in York Region. Future studies addressing the limitations outlined should be conducted in order to confirm these preliminary results. 
